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utilization in centers across the United States. Patients were grouped in the following subgroups: hip fractures (n = 35,119), nonoperative pelvic fractures (n = 15,506), acetabulum fractures, operative and nonoperative, (n = 7670), and operative pelvic fractures (n = 682). Total inpatient length of stay, intensive care unit (ICU) stay, and ventilator time were compared across groups using multivariate analysis that controlled for hospital factors. Results After controlling for patient and hospital factors, difference in inpatient length of stay was À0.2 days for patients with nonoperative pelvis fractures compared with inpatient length of stay for patients with hip fractures (95% CI, À0.4 to À0.1 days; p = 0.001); 1.7 days for patient with acetabulum fractures (95% CI, 1.4-1.9 days; p \ 0.001); and 7.7 days for patients with operative pelvic fractures (95% CI, 7.0-8.4 days; p \ 0.001). The difference in ICU length of stay for patients with nonoperative pelvis fractures was 0.8 days compared with ICU length of stay for patients with hip fractures (95% CI, 0.7-0.9 days; p \ 0.001); 1.9 days for patients with acetabulum fractures (95% CI, 1.8-2.1 days; p \ 0.001); and 6.3 days for patients with operative pelvic fractures (95% CI, 5.9-6.7 days; p \ 0.001). The difference in mechanical ventilation time for patients with nonoperative fractures was 0.5 days compared with ventilation time for patients with hip fractures (95% CI, 0.4-0.6 days; p \ 0.001); 1.1 days for patients with acetabulum fractures (95% CI, 1.0-1.2 days; p \0.001); and 3.9 days for patients with operative fractures (95% CI, 2.5-3.2 days; p \ 0.001). Conclusions In our current multitiered trauma system, certain centers will see higher proportions of patients with acetabulum and operative pelvic fractures. Because hospitals are reimbursed equally for these subgroups of Medicare DRG 536, centers that care for a greater proportion of patients with more-complex pelvic trauma will experience lower financial margins per trauma patient, limiting their potential for growth and investment compared with competing institutions that may not routinely see patients with high-energy trauma. Because of this, we believe reevaluation of this Medicare Prospective Payment System DRG is warranted. Level of Evidence Level IV, economic and decision analysis.
Introduction
The current Medicare Acute Inpatient Prospective Payment System determines hospital reimbursement for inpatient admissions by categorizing patients into Diagnosis-related Groups (DRGs), originally meant to create patient classes that are ''clinically consistent and that have similar patterns of output utilization'' [16] . When first implemented in 1983, the DRG model represented a substantial shift away from traditional cost-based billing, transferring risk and potential cost-savings to hospitals [20] . Regardless of true hospital costs, all inpatient admissions under the same DRG are reimbursed using the same ''bundled'' payment, the only exception being a reimbursement modifier for either major or minor patient complications and/or comorbidities.
Although the DRG system undoubtedly has resulted in Medicare cost savings, proper division of patients in DRGs is critical to prevent under-reimbursement to hospitals or wasted Medicare payments. Under the current Medicare Severity (MS)-DRG system, MS-DRG 536 (fractures of the hip and pelvis) encompasses a large number of elderly patients with orthopaedic trauma. Although the age-adjusted incidence of fractures in elderly patients has declined since 2005, the absolute incidence has increased dramatically owing to the growing elderly population and is expected to continue to grow [9, 17] . The U.S. population older than 85 years is expected to increase threefold between 2010 and 2050 [17] . In addition, fractures in elderly patients can be costly to manage, as they often require surgical intervention. However, the average lowenergy hip fracture and high-energy pelvic fracture, both included in DRG 536, are considerably different injuries with differing management courses and, likely, differing associated inpatient costs [10] . Owing to the common nature of these injuries, these differences in costs may account for substantial sums. Classification of other Medicare DRGs for procedures such as total joint arthroplasty, spinal fusion, and coronary artery bypass grafting has been modified to take into account cost variations [5, 7] . For example because of higher hospital costs associated with revision arthroplasty, versus primary arthroplasty, these procedures were separated into a separate DRG with greater reimbursement rates [5] [6] [7] . As the complexities of our current US healthcare environment make estimation of true healthcare costs difficult, several measures of hospital resource utilization were used as proxies for inpatient costs. In this way, differences in utilization also can be translated across health systems, regardless how cost accounting practices differ between individual institutions.
The purposes of this study were to determine whether (1) inpatient length of stay; (2) ICU stay; and (3) ventilator time differ between subpopulations with Medicare DRG 536, even after controlling for hospital factors.
Materials and Methods
A retrospective study was performed using the 2011 and 2012 American College of Surgeons National Trauma Data Bank Research Data Set. The National Trauma Data Bank is the largest national database of trauma cases, and includes patients from more than 900 trauma centers annually. Although other commonly studied national databases, such as the National Surgical Quality Improvement Program database, do not include patients treated nonoperatively or with high-energy trauma, the National Trauma Data Bank allows analysis of patients from centers across the US, or the full spectrum of patients in DRG 536, who were treated operatively and nonoperatively and who sustained high-energy and low-energy injuries. In addition, there currently are numerous methods used by healthcare economists and hospital administrators to calculate costs, with no consensus between institutions or researchers. The National Trauma Data Bank offers data on various measures of healthcare resource utilization, namely inpatient length of stay, ICU stay, and mechanical ventilation time, which may be used as proxies for inpatient costs. In this way, differences in utilization also can be translated across health systems, regardless of the differing cost accounting practices of individual institutions. Human investigations committee approval was acquired before initiating the study.
International Classification of Diseases, 9 th Revision (ICD-9) diagnosis codes were used to identify patients with MS-DRG 536 based on diagnoses of acetabulum fractures, including operative and nonoperative (ICD-9 808.0-808. [24] has been shown to have comparable predictive value to the original Charlson Comorbidity Index and has been used in studies of national databases [3, 4, 14] . Computation of the modified Charlson Comorbidity Index was based on National Trauma Data Bank comorbidity and age data using the same methods used in other studies [23, 24] . The hospital factors are reported in the National Trauma Data Bank by participating institutions. Two additional possible confounding variables are month of admission and American College of Surgeons trauma center level. Previous studies [2, 21] have shown that length of stay may vary according to a seasonal or ''July'' effect and by American College of Surgeons level. Unfortunately data regarding date or month of admission are unavailable in the National Trauma Data Bank and a large amount (36%) of data are missing for the American College of Surgeons level. However, as contributing trauma centers submit a full year of patient data to the National Trauma Data Bank, most seasonal variations can be expected to wash out. In addition, controlling for teaching status (nonteaching, community, or university) and hospital size should address much of the bias among American College of Surgeons levels.
Statistical Analysis
Multivariate linear regression was used to test the differences in outcome measures between subgroups after controlling for hospital factors. This was followed by Tukey's post hoc pairwise comparisons to test the significance of individual comparisons between the four subpopulations.
All statistical analyses were performed using Stata 
Results

Inpatient Length of Stay
Patients with operative pelvic fractures had the longest mean length of stay at 15.2 days (SD, 13.6 days) (Fig. 1 ).
Mean length of stay for patients with hip fractures was 6.6 days (SD, 5.1 days), and this difference from the mean length of stay for patients with operative pelvic fractures was statistically significant after controlling for patient and hospital factors (difference, 7.7 days; 95% CI, 7.0-8.4; p\ 0.001) ( 
ICU Stay
Patients with operative pelvic fractures had the longest mean ICU stay at 7.4 days (SD, 10.5 days) (Fig. 1 ). Mean ICU stay for patients with hip fractures was 0.7 days (SD, 2.7 days), and this difference from the mean ICU stay for patients with operative pelvic fractures was statistically significant after controlling for patient and hospital factors (difference, 6.3 days; 95% CI, 5.9-6.7; p \ 0.001) ( Table 3) . Patients with nonoperative pelvic fractures had a mean ICU stay of 1.6 days (SD, 4.7 days), and this difference from the mean ICU stay for patients with operative pelvic fractures was statistically significant after controlling for patient and hospital factors (difference, 5.4 days; 95% CI, 5.0-5.8; p \ 0.001). Patients with acetabulum fractures had a mean ICU stay of 2.8 days (SD, 6.4 days), 
Discussion
The current Medicare Acute Inpatient Prospective Payment System determines reimbursement for inpatient admissions by categorizing patients into 746 MS-DRGs that are revised annually. Inpatient admissions under the same DRG are reimbursed with the same prospective, ''bundled'' payment, regardless of actual hospital costs. Currently, DRG 536 (fractures of the hip and pelvis) includes a broad spectrum of orthopaedic injuries, from low-energy fragility fractures of the hip to high-energy acetabulum and pelvic fractures. With the absolute incidence of fractures in the elderly expected to increase dramatically owing to the growing elderly population [9, 17] and the high costs of managing these injuries, any substantial variation in costs may result in over-or under-reimbursement to certain hospitals, based on their percentage of high-energy versus low-energy fractures treated in elderly patients. Excess financial strain on these hospitals treating patients with high-energy trauma might result in trauma center closures or shifts away from managing high-energy trauma, resulting in reduced access for these patients. Similar discrepancies between hospital costs and Medicare reimbursements have been seen with other Medicare DRGs [5, 7] . The results of our study show that, even after controlling for patient and hospital factors, there were important differences in various measures of resource utilization between the four subgroups of Medicare DRG 536. These differences indicate that hospitals currently are receiving under-or over-reimbursement for certain subgroups, depending on their baseline reimbursement for DRG 536. In particular, these increases in resource utilization were most striking for patients with the fractures more likely to be associated with higher-energy mechanisms (operative pelvic fractures and acetabulum fractures). The primary limitation of this study stems from this exclusion of true cost figures. Standard methods of healthcare cost estimation have important limitations. Cost measurement using charges or cost-to-charge ratios estimates only total costs, and not the marginal costs of services, and ignores cost shifting that occurs regularly in hospital accounting [1, 19] . However, we used various measures of resource utilization as a proxy for costs. With the estimated costs of an inpatient day at USD 1236, an ICU day at USD 2278 to USD 5973, and a day on mechanical ventilation at USD 10,299 [13, 15] , the results presented in the current study represent significant differences between subpopulations of DRG 536. An additional limitation of our study is the inability to identify patients with major complications or comorbidities, who might be classified in DRG 535 (fractures of the hip or pelvis with major complications or comorbidities) based on the ICD-9 diagnosis data given in the National Trauma Data Bank. The inability to identify patients with major complications or comorbidities might result in overestimation of resource utilization for the subgroups of DRG 536 that are associated with higher rates of major comorbidities and complications. Higher-energy fractures, associated with greater total burden of bodily injury, also likely may be associated with greater inpatient complications owing to more complex inpatient course and longer length of stay. In addition, lower-energy fractures associated with osteoporosis may be associated with higher rates of comorbidities and complications, owing to poorer overall health status. However, by controlling for Charlson Comorbidity Index, our study showed differences in resource utilization that are independent of age and comorbidities. These differences likely indicate disparities in resource utilization for patients in DRG 535 and DRG 536. Additional study using true cost figures and DRG classifications at a single-institution is warranted to estimate the actual financial burden caused by the large spectrum of patients included in DRG 536. Another limitation of our study results from the inherent biases associated with using a national dataset such as the National Trauma Data Bank. Although this data bank includes data from more than 900 trauma centers, these data are self-reported by hospitals and accuracy is dependent on the accuracy of data submitted from the hospitals. Hospitals may submit incomplete datasets resulting in over-or under representation of certain fracture types. Nevertheless, the large overall size of the dataset allowed statistically significant differences to be identified, despite large disparities in sample size between subpopulations (there were far more hip fractures than operative pelvic fractures). Selection bias is also possible as the dataset, while including data from more 900 US trauma centers, is not necessarily nationally representative. There may be biases toward Levels I and II trauma centers which see greater numbers of patients with high-energy trauma. However, the aim of our study was not to measure the relative incidences of the different subpopulations included in MS-DRG 536, but rather to compare how resource utilization varies among patients with these different subpopulations. By controlling for hospital factors, such as hospital size, teaching status, and geographic region, we attempted to control for local variations in resource utilization and isolate the differences in utilization attributable to the various injury types. Another type of bias that may be present is transfer bias, as a percentage of patients in the National Trauma Data Bank have incomplete data regarding inpatient length of stay, ICU stay, or ventilator time. These patients were excluded from the analysis. Of a total of 69,055 patients in MS-DRG 536 and 65 years or older in the National Trauma Data Bank, 10,078 were excluded owing to incomplete data regarding inpatient length of stay (n = 478), ICU stay (n = 7484), or ventilator time (n = 8534) resulting in the 58,977 patients ultimately analyzed. It may be that patients with more severe acute injuries and complicated inpatient courses represent a higher percentage of these patients with incomplete data, biasing the current study results. However, in a post hoc analysis the mean Injury Severity Score for these excluded patients was 9.9 compared with 10.6 for the patients who were analyzed. This difference of 0.7 in Injury Severity Score, while statistically significant (p \ 000.1) owing to the large sample size, was not clinically significant. Previous studies in the field of orthopaedics showed similar differences in inpatient costs and resource utilization between primary and revision total joint arthroplasties [6, 7] . At the time of these studies, primary and revision arthroplasties were grouped under Medicare DRG 209 (lower extremity arthroplasty). An initial multicenter cohort study showed differences in operative time, use of allograft, length of stay, and costs, between almost 8000 patients undergoing either primary or revision hip and knee arthroplasties [6] . A subsequent study at one institution showed mean differences in hospital costs of more than USD 7000 per patient between patients having revision and primary arthroplasties [7] . These studies ultimately supported efforts by the American Association of Orthopaedic Surgeons, the American Association of Hip and Knee Surgeons, and the Hip Society to propose modification of the DRG to the Centers for Medicare & Medicaid Services (CMS), and in 2005, two new DRGs were created: DRG 544 (primary hip and knee replacement) and DRG 545 (revision hip and knee replacement) [5] . Similar efforts with DRG 536 should be pursued next with analysis of true cost figures. This should be conducted in one institution because comparing hospital costs among multiple institutions becomes complicated owing to varying cost accounting practices. In addition, further investigation of other MS-DRGs that include a broad spectrum of orthopaedic patients may be warranted. One such example is DRG 563, which includes all fractures, sprains, strains, and dislocations, excluding those of the femur, hip, and pelvis.
A secondary finding of the current study was the associations of patient and hospital factors with resource utilization. As expected, increased Charleston Comorbidity Index is associated with increased costs, likely attributable to increased resources necessary to treat patients with worse overall health status. We also found that larger hospitals and university hospitals were associated with increased utilization. This would be expected as more critically injured patients often are seen in larger, university-associated trauma centers. A previous study showed worse outcomes for hip fractures managed at teaching hospitals compared with nonteaching hospitals, suggesting more severely injured patients [2] . In addition, a previous study specifically showed there was increased resource utilization in university hospitals compared with community teaching hospitals for patients treated with tissue plasminogen activator for stroke [12] . The geographic differences observed have not been described, to the best of our knowledge, but likely result from regional variations in hospital practices and physician customs for inpatient discharge and ICU transfer. Now may be an opportune time for CMS to reevaluate classification of DRG 536 because the Medicare DRG system may soon see more-expanded use. As part of the Patient Protection and Affordable Care Act, the CMS Bundled Payments for Care Improvement Initiative will test new bundled-payment delivery models aimed at reducing costs and improving quality of care [22] . Three of the four proposed models currently being tested expand bundling of payments to include services outside inpatient hospital care, including physician services and postacute care services. All four models use the current MS-DRG system to categorize patients. The American Association of Hip and Knee Surgeons has created a bundled payment task force to identify issues in the system specific to hip and knee surgeons and to aid in the eventual transition [8, 18] . In addition, many private health plans, which cover patients of all ages, use a MS-DRG-based model for reimbursement. However, as low-energy fragility fractures are less common in younger patients we would expect less variation in resource utilization between patients with hip or pelvis fractures, all of which would more likely result from higher-energy mechanisms. Similar measures should be taken throughout the field of orthopaedic surgery, including in orthopaedic trauma, which sees more than two million elderly patients with fragility fractures annually [11] .
Our study showed considerable variation in resource utilization for hospital admissions owing to hip or pelvis fractures, which are reimbursed equally under DRG 536. With the current multitiered US trauma system, it is likely that some trauma centers treat a higher proportion of patients with the more the resource-intensive injuries, resulting in higher costs and lower financial margins. Appropriate reimbursement of hospital services is essential for maintaining patient access to inpatient care in the currently shifting US healthcare landscape. Therefore, creating a separate MS-DRG for operative pelvic fractures and acetabulum fractures would likely help reduce this financial strain. Further comparison of true cost figures at one institution may be a suitable next step to show clear financial benefits of regulatory changes. Just as new healthcare standards and quality benchmarks are being developed in the field of orthopaedics to meet the Patient Protection and Affordable Care Act guidelines, the classification of Medicare DRGs for orthopaedic diagnoses such as hip and pelvic fractures, also warrant reevaluation.
